Abstract. Contributing to the Space Electrodynamics investigations, this work evaluates three kinds of initializations for a resistive three-dimensional magnetohydrodynamics model from the University of Nagoya. One simulation experiment is carried out considering a quiet period, other considering a typical High-Intensity, Long-Duration, Continuous AE activity (HILDCAA) event, and the last one an interplanetary magnetic field Bz, changing according to an idealized event. The data sets for the experiments are created using both smoothed one-minute interplanetary magnetic field components and solar wind plasma parameters extracted from the NASA/GSFC's OMNI data set. As result, reproduction of the earlier work was obtained. Some initial aspects of the simulation has been tested with good performance. New tests and some modifications are being considered in order to improve the code.
Introduction
Several phenomena originated from the Sun create electrodynamical disturbances in the environment surrounding the Earth. Many efforts have been done by several research 2 groups to unravel features of the High-intensity, long-duration, continuous auroral electrojet activity (HILDCAA) events, as defined by [5] . Independent on the interpretation of them, those occurrences define periods very useful to examine the physical processes of electrodynamical coupling between the solar plasma and the Earth's magnetosphereionosphere system. In general, they do not produce strong effects as other interplanetary causes, but they are stronger than the interplanetary quiet conditions that incide upon the Earth. It is the reason to adopt HILDCAA periods in simulations. Particularly, the response of the near Earth plasma sheet to the variability of the z-component (B z ) of the Interplanetary Magnetic Field (IMF) during HILDCAAs has been studied [5] . This variability is associated with the presence of large-amplitude interplanetary Alfvén waves in the high speed streams that are main cause of HILDCAAs. Results reached by [6] , based in the IMP-8 solar wind plasma, magnetic field data and the auroral electrojet index (AE), show that there is a high correlation between the AE and the southward B z component. These results suggest that HILDCAAs are a consequence of enhanced solar wind energy transfer to the magnetosphere caused by magnetic reconnection between the predominantly southward component of the interplanetary Alfvén waves and the magnetic field at the magnetosphere boundary.
Motivated by those kinds of previous results, the present paper aims to study the effects of the variability of the magnetic field behavior during HILDCAA events and to compare the conditions with the conditions during a geomagnetically quiet period. It represents a good opportunity for choice of experimental values to be used in the improvement of a MHD code. The approach used is to initialize a global three dimensional MHD model, based in the code developed by [3] , inserting OMNI data sets of interplanetary magnetic field and solar wind plasma parameters. With this study purpose, three simulations are designed for these investigations: one considers a geomagnetically calm period, with no presence of HILDCAAs, other with an ideal HILDCAA described in [1] , and a third one with a HILDCAA event. Thus, this article is organized as follows. Section 2 presents the issues of the model. Section 3 the simulation design and the experiment descriptions. Section 4 discusses the results of the simulations. The last section presents the preliminary results of this work.
Model
The physical-mathematical model is an initial value problem with the MHD and Maxwell's equations written as follows:
and
3 where ρ is the scalar plasma density, v is the flow velocity vector, p the scalar plasma pressure, B is the induction magnetic field vector and J is the current density vector. Details about the other quantities appearing in System 1 can be found in [3] . The normalization quantities in the basic equations are the Earth radius l n = R E = 6.37 × 10 6 m, the density of ionosphere ρ ln = m p n ln (n ln = 10 10 m −3 ), the magnetic field at one earth radius at equator B ln = 3.12 × 10 −5 T, the Alfvén velocity at one earth radius v ln = 6.80 × 10 6 m/s, and the Alfvén transit time (normalization time) t ln = 0.937 s. The normalization of the other quantities is derived from the previous ones [3] .
Numerical aspects
On this section a brief introduction of the model is presented.
Simulation box For the three study cases selected, a quarter simulation box assuming symmetry conditions is used. Figure 1 shows the Cartesian system used similar to the one in [3] . Earth is located at (x, y, z) = (0, 0, 0) where
The mesh dimensions are (nx, ny, nz) = (180, 60, 60) with a resolution of ∆x = ∆y = ∆z = 0.5R E in all directions.
Figure 1: Simulation box using cartesian system in GSM coordinates as proposed by [3] . The blue circle at the center is the Earth, the red circle indicate the satellite position and the green one indicate the point where the behaviour of the physical quantities is studied.
Boundary conditions For the simulation domain, the boundary conditions imposed for each of the physical quantities φ(ρ, V, p, B) are the same used in [3] but, at the upstream boundary, that is x = x 0 , the 1 minute mean values measured by various spacecraft near the Earth's orbit are used as input for (ρ, V x , P, B z ). These are connected with the quantities computed in the simulation by means of a smoothed function every 32∆t.
Initial Conditions
The initialization is done with a steady state ionosphere in the neighborhood of the Earth [3] . The initial conditions are the following: density ρ 0 = ξ −3 4 for ρ 0 ≥ 0.2ρ sw and ρ 0 = 0.2ρ sw for ρ 0 < ρ sw , plasma pressure p 0 = ξ −2 p 00 for p 0 ≥ p sw and p 0 = p sw for p 0 < p sw , gravity force g = −g 0 ξ 3 (x, y, z) and dipole magnetic field
2 ) where g 0 = 1.35 × 10 −6 and p 00 = 5.4 × 10 −7 . The solar wind parameters and the interplanetary magnetic field ρ sw , p sw and v sw , were taken from the OMNI data set.
Finite difference solver A modified leapfrog method introduced by [4] is used. The main modification consists in combining the leapfrog scheme with a two-steps Lax-Wendroff method, also used before in [4] . This combination allows leapfrog method to inherits the stability properties of the two-steps Lax-Wendroff difference scheme. For example, let us consider an equation of the form,
and adopting the notation ∆x, ∆y, ∆z, as spatial step and ∆t as time step; i + 1, j + 1, k + 1 and m + 1 are the same as x i + ∆x, y j + ∆y, z k + ∆z and t m + ∆t. Therefore, the application of the modified leapfrog method has a first step as
and a second step as, 
This difference scheme needs F m i,j,k in 2 ≤ i ≤ nx+1, 2 ≤ j ≤ ny +1, 2 ≤ k ≤ nz +1 for m = 0. According to the stability condition of the difference scheme, V max A ∆t < (1/2)∆x, where V max 5 used is ∆t = 0.25s. Also this method computes a temporally forward difference in the first step and change to a central difference in the second step. It depends on the time step selected for the Eq. 2 and 3. With the use of the term F t+ 1 2 i,j,k in Eq. 2, we can obtain the two-step Lax-Wendroff method or the leapfrog method. Thus, the modification proposed in [4] indicates that in the first step of integration the Lax-Wendroff method is used, and in the next time steps the leapfrog method is used. The idea behind this combination is allows a balance between numerical dispersion and diffusion.
Experiments Numerical simulations are conducted for three different situations: idealized HILDCAA event, a quiet event, and a HILDCAA event. For the first case a Bz periodic square wave with 40 minutes of periodicity is used as a driver, following the ideas presented in [1] . To build the initial condition, the value of the solar wind is v sw = (v x , 0, 0) with v x = 300km/s, the pressure p = 2. We used the plasma and the magnetic field data sets with a duration of 600 minutes. These time series of real data are smoothed using a Hanning window with 120 points, initially for test, in all variables to improve the stability of the code and avoid a blow up of the runs. It has obtained success, but some ideas have been discussed in order to improve the real conditions for the simulation. Figure 3 presents the results of the idealized and real cases. It shows the time variation of Bz component of the interplanetary magnetic field, pressure p, density ρ and the speed v x . These simulated time series are taken in the magnetospheric tail at x = −10R E . In Figure 3(a) , the response of each quantity exhibits a periodic behaviour approximately with 20 minutes of delay in relation with the Bz component of IMF (an acceptable value). Notice that the pressure and density reaches the maximum value at the end of northwards period of Bz. The velocity initially presents oscillations more delayed, and after 500 minutes start to show an equal oscillating behaviour. In general this is consistent with the results achieved by [1] where their found a delay of 15 minutes. However, in order to explore better the physical reasons, some study conditions have been prepared for future tests.
Numerical Results
Observing the time variation of the simulated quantities for the quiet period case, one can see that the magnetospheric response is smooth with no abrupt fluctuations ( Figure  3(b) ). However, for values related to the real HILDCAA case (Figure 3(c) ), the physical quantities present strong variations after 300 minutes of simulation, more pronounced in the density. Figure 4 allows a comparison between the idealized event and the real one at simulation time t = 100 minutes. In the bow shock region, the pressure has very strong oscillations in the simulation with real data (Figure 4(b) ). In relation with the idealized case, the values of the pressure are two orders higher. 
Final remarks
Roughly speaking the achieved simulation results are a first step in the recreation and understanding of HILDCAA large scale scenario. There are still many steps to be improved in the initialization, in the extraction of dynamics, and in the simulation itself. However, the results presented here indicate that interplanetary parameter conditions during HILD-CAA events can contribute with large disturbance, which is consistent with the idealized one. Moreover, the results confirm that a scenario different from quiet conditions has been developed, which allows to use this code as a tool to study HILDCAA events. Further work will be done to improve these pitfalls and we expect to study other configurations to contribute to the HILDCAA events understanding.
